Abstract: The positive rate of Dirofilaria immitis infection was studied in the eastern, western, southern and northern parts of Nagasaki City 3 times between 1968 and 1983. Chronological changes in the positive rate of dogs for microfilariae in these 4 parts and the roles of epidemic factors in the changes of the positive rate were evaluated. The positive rate decreased in the northern part, where houses and buildings increased annually, whereas the number of dog owners and the density of dogs decreased.
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The adult worm of Dirofilaria immitis transmitted by mosquitoes usually lives in the heart of dogs. Human infections are also known in Japan (e.g., Yoshimura 1989; Suzumiya and Nawa 1990). In Nagasaki City, house dogs were infected with this worm in high rates and the main vector was Culex pipiens pallens (Suenaga et al., 1971; Suenaga and Itoh, 1973; Suenaga et al., 1980) . However, the relative importance of the factors actually related to the prevalence remains unknown. Therefore we conducted an epidemiological study of D. immitis. Herein, the changes in microfilarial prevalence from 1968 to 1983 are reported with a consideration of the factors responsible for these changes.
As Suenaga et al. (1971) reported, Nagasaki City is divided into 44 elementary school districts, or into 4 parts, eastern, western, southern and northern. To examine the microfilariae of D. immitis in each division, we sampled blood from an earlobe of a dog in April and May, 1983 when the City Health Center was conducting rabies vaccination to registered dogs. A drop of blood was taken, smeared on a slide glass, and stained with 10% Giemsa's solution. The number of microfilariae in the blood specimen was counted with a stereomicroscope. The data on sex and age of examined dogs were taken from the record of Nagasaki City Health Center.
Cx. p. pallens, the main mosquito vector, were collected by a light trap with black light (20 watts) from 1  2  3  4  5  6  7  8  9  10  11   12  13  14  15  16  17  18  19   20  21  22  23  24  25  26  27  28  29  30  31  32   33  34  35  36  37  38  39  40  41  42  43  44   Table 1 Table 1 shows the results of the blood examination of dogs in Nagasaki City in 1983. The positive rate for microfilariae was 31.7% for the whole city. The positive rate in the eastern or southern part was significantly higher than that in the northern part (x 2 -test, p<O.Ol). We thought that the difference in the positive rate might be related with the dog density (the number of dogs per house). To make clear this hypothesis, the numbers of dogs per house were also examined in these parts ( Table 1) . As explained later, the positive rate is correlated with the dog density, which was lowest in the northern part with the lowest positive rate among the 4 parts.
Comparison of positive rates in dogs by sex and age
in the 4 parts of the city The positive rates were compared according to sex and age in the 4 parts in Table 2 . The rates were calculated only for dogs with an exact record of age. The positive rate is generally lower at any age for either sex in the northern part of the city than in the other 3 parts. This means that the lower prevalence in the northern part was not due to different age distribution nor sex ratio in the dogs examined.
Correlation between positive rate and dog density
We examined the correlation between positive rate and dog density in districts in Figure 1 , where points were plotted only when the number of dogs examined was over 10. The microfilaria positive rate was positively correlated with dog density in the city (correlation coefficient 0.4163, 0.01 < p< 0.05).
Yearly changes in positive rates of the dogs in the 4
parts of the city The yearly changes in positive rates in the 4 parts were examined by comparing the results reported by Suenaga et ai. (1971; 1980) with the present data by the linear trend test of Armitage (1955) (Table 3 ). In the * Points were plotted only when the number of dogs examined was over 10.
northern part, the total positive rate of 40.5% in 1968 clearly decreased to 25.9% in 1983, while the rate increased in the eastern, western and southern parts. In 1977 and 1983, the results of positive rates in the 4 parts were obtained in spring, but in 1968 the results were composed of data taken in spring and autumn. The positive rate calculated only for spring was 34.6%, 19.5%, 21.6% and 41.8% in the eastern, western, southern and northern parts, respectively, there being not much difference between the results obtained only in spring and those obtained in spring and autumn combined (Table 1) .
Yearly changes in the number of the registered dogs
in Nagasaki City Figure 2 shows the yearly change in the total number of dogs registered in whole Nagasaki City. The number of these dogs decreased gradually from 1968 to 1983, with some variations. Changes in numbers of dogs and houses in each of 4 parts of Nagasaki City are shown in Table 4 . In each part, the decrease in the number of dogs was apparent, while the number of houses increased.
6. Yearly changes of the relation between positive rate and dog density in the 4 parts As the numbers of houses and registered dogs in each district were available for 1968 and 1983, the dog density (number of dogs per house) was calculated. The relation between the microfilaria positive rate in dogs and the dog density in each district in 1968 was compared with that in 1983 in Figure 3 Figure 4 , the mean number of Cx. p. pallens females per night was shown as an annual population index. The mosquito population was not large from 1972 to 1983, in the eastern, western and southern parts, though population varied with year. In Sakamoto (northern part) where the mosquitoes were collected from 1967 to 1983, the density was also low since 1971. DISCUSSION We studied the infections of D. immitis in registered dogs in the eastern, western, southern and northern parts of Nagasaki City in 1968, 1977 and 1983, and found a significant difference between the northern part and the other 3 parts. In the northern part, the positive rate had decreased, whereas in the other 3 parts, it had increased markedly. As one of the factors causing this phenomenon, introduction of Ivermectin, an effective * The collection by light trap was not made.
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preventive drug for D. immitis, was considered, but it can not be a reason for the decrease in the positive rate in the northern part since 1968 because its introduction was 1988. The present result showed that mosquito density was scarcely different in all the parts after 1972. But the density decreased in the northern part from 1968 to 1972, and thus, this decrease in mosquito density may be related to the decrease of the rate. Dog density, which is an important factor responsible for infection (Wada et al., 1989) , decreased apparently in all 4 parts, but the positive rate decreased in the northern part and increased in the other 3 parts. As shown in Table 4 , the number of houses in the northern part, which was the largest among the parts, had increased. This implies that many new residential areas had developed in this part, where it is assumed that the space to keep dogs outside was limited and there was some environmental complaint against dogs. Therefore, many dogs may have been kept within the house, and prevented from attack of the vector mosquito, ex. p.
pallens, which occurs in the breeding sites such as side ditches. Furthermore, when we took dog's blood, we had an impression that in the northern part more dog owners became to take measures to prevent exposure of their dogs to mosquitoes by, for example, letting them within the house at night and providing mosquito repellents. In the northern part, the increase in houses and office buildings was associated with the development of the sewage system thus decreasing drainages such as side ditches, according to the Department of Sewage System in Nagasaki City. Such improvements in the sanitary 'environment are considered to have been a factor in the decrease of the ex. p. pallens. These conditions are assumed to relate to the decrease in the positive rate in the northern part.
On the other hand, the positive rate increased in eastern, western and southern parts. The density of dogs increased also in these parts, but it remained higher than in northern part as the number of houses was smaller, and more people kept dogs. In addition, it seems that the sewage system was poorly developed in these parts, because the number of houses was smaller than in northern part. From this we assumed that as the drainage has not been so well developed as in the northern part, more mosquitoes would be present in the 3 parts, though this result was not clearly shown by the data of light trap. According to dog owners, more dogs seem to be bred outdoors. Therefore it is suspected that dogs had more chance to be attacked by mosquitoes even if mosquito density was low in these parts.
As for the role of other mosquitoes in the transmission of D. immitis, Suenaga and Itoh (1973) reported that Aedes albopictus may be the secondary important vector, and ex. tritaeniorhynchus may also be some bearing on the transmission in Nagasaki City. However, there is no evidence that these mosquitoes increased in the 3 parts in particular, and they are not considered to have contributed much to the increase of positive rate. The number of stray dogs may be another factor influencing the transmission. Their number, as given by the number of arrested dogs (unpublished data) , decreased with years, therefore stray dogs are not an important factor for the increase of positive rate.
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